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Objective: The success of open and endovascular repair of abdominal aortic aneurysms (AAA) is hampered by postoper-
ative dilatation of the anatomical neck of the AAA, which is used for graft attachment. The purpose of this study was to
determine whether the macroscopically non-diseased infrarenal aortic neck of AAA is histologically and biochemically
altered at the time of operative repair.
Methods: We harvested full-thickness aortic wall samples as longitudinal stripes spanning from AAA neck to aneurysmal
sac in 22 consecutive patients undergoing open surgical AAA repair. Control tissue was obtained from five organ donors
and five deceased subjects undergoing autopsy without evidence of aneurysmal disease. We assessed aortic media
thickness, number of intact elastic lamellar units, media destruction, and neovascularization grade and performed
immunohistochemistry for matrix metalloproteinase (MMP)-9 and phosphorylated c-Jun N-terminal kinase (p-JNK).
MMP-9 and p-JNK protein expressions were quantified using Western Blots.
Results: The median thickness of the aortic media was 1150 m in control tissue (range, 1000-1300), 510 m in aortic
necks (250-900), and 200 m in aortic sacs (50-500, P from nonparametric test for trend<.001). The number of intact
elastic lamellar units was 33 in controls (range, 33-55), 12 in aortic necks (0-31) and three in aortic sacs (0-10, P< .001).
The expression of MMP-9 and p-JNK as assessed by Western Blots (P  .007 and .061, respectively) and zymography
(P for trend <.001) were up regulated in both the AAA neck and sac compared with controls. Except for p-JNK
expression, differences between tissues were similar after the adjustment for age, gender, and type of sampling.
Conclusion: The seemingly non-diseased infrarenal AAA neck in patients with AAA undergoing surgical repair shows
histological signs of destruction and upregulation of potential drug targets. ( J Vasc Surg 2008;48:425-34.)
Clinical Relevance:The long-term durability of endovascular abdominal aortic aneurysm repair is hampered by endoleaks
that are independently related to aortic neck dilatation in a substantial subset of patients. Within the present study, we
have shown that seemingly non-diseased infrarenal aortic necks in patients whom AAA repair is indicated are character-
ized by substantial histological destruction, neovascularization and upregulation of proven drug targets such as MMP-9
and p-JNK. Further research assessing the impact of various drug treatments aimed at preventing aortic neck dilatation
is warranted.Postoperative progressive dilatation of the infrarenal
aortic neck used for graft attachment is a common compli-
cation after open1-4 and endovascular 5-12 repair of infrare-
nal abdominal aortic aneurysm (AAA). Up to 28% and 59%
of patients show aortic neck dilatation after 2 and 4 years,
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doi:10.1016/j.jvs.2008.03.001respectively, which is associated with an increased risk of
graft migration and endoleak.7-9,11,13
AAA tissue shows signs of histological destruction and
increased proteolytic activity, inflammatory cell infiltration,
and extracellular matrix degradation.14 An increasedmatrix
metalloproteinase (MMP) expression is characteristic for
AAA formation,15-18 with a particular increase of MMP-2
and MMP-9.16-18 Various stimuli such as angiotensin II,
tumor necrosis factor alpha, interleukins, and interferon-
gamma have been linked to chronic inflammation observed
in AAA.19 Most of these stimuli activate c-Jun N-terminal
kinase (JNK) in vascular smooth muscle cells and macro-
phages. Thus, JNK is regarded an important proximal
signaling molecule in the pathogenesis of AAA.20
The objective of this study was to determine whether
the macroscopically non-diseased infrarenal AAA neck is
histologically and biochemically altered at the time of open
surgical repair.
METHODS
Study subjects. Between April, 2005 and May, 2007,
we harvested aortic specimens from 22 consecutive patients
undergoing elective open surgical repair for infrarenal
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tive organ donors (causes of death: intracranial bleeding,
n  3 and suffocation in an avalanche, n  2; all organ
donors had been cleared for cardiac transplant and were
free of history for cardiovascular disease) and five consecu-
tive deceased subjects (causes of death: suicide, n  2 and
intracranial bleeding, n  3) undergoing autopsy within 4
to 6 hours after death had been determined. We excluded
patients with an infrarenal aortic neck of less than 5 mm in
length (type III morphology according toHeidelberg AAA
classification21), and patients with an aortic dissection,
aortic rupture, or inherited connective tissue disorders, and
inflammatory AAA as well as controls with a history of
thoracic or abdominal aortic aneurysm.
Wedetermined themaximumAAAdiameter from adven-
titia to adventitia on a preoperative contrast-enhanced com-
puted tomography. The aortic neck was defined as a non-
dilated cylinder beginning distally to the lowermost renal
artery and extending to the first CT slice showing a 15%
larger aortic wall diameter compared with the diameter
measured directly below the lowermost renal artery.12
We recorded the characteristics of individuals, includ-
ing age, gender, smoking history, established atheroscle-
rotic disease (ie, coronary artery disease, cerebrovascular
disease, peripheral vascular disease), arterial hypertension
(defined by systolic blood pressure 140 mm Hg and/or
diastolic blood pressure 80 mm Hg, or if the patient
consumed any antihypertensive drug), hyperlipidemia (de-
fined by total cholesterol level 5 mmol/L, or high-
density lipoprotein cholesterol 1 mmol/L, or triglycer-
ides 2 mmol/L, or if the patient consumed any lipid
lowering drug) and diabetes mellitus (defined by fasting
blood sugar 120 mg/dL or glycosylated hemoglobin
6% or if the patient was on hypoglycemic drugs), and
the type of their cardiovascular medication (statins, beta-
blockers, angiotensin-converting enzyme inhibitors, cal-
cium channel blockers). The study was conducted in accor-
dance with the Declaration of Helsinki and approval of the
local ethics committee was obtained. Patients and relatives
of control subjects gave written informed consent prior to
inclusion in the study.
Tissue collection and preparation. We retrieved full
thickness human AAA tissue stripes ranging from the aortic
neck to the level of the maximally dilated aortic sac intra-
operatively during open surgical repair (Fig 1, A and B). In
organ donors, the entire infrarenal aorta was retrieved and
a proximal anterior aortic wall specimen was excised di-
rectly below the orifice of the lowermost renal artery. In
AAA patients and organ donors, we harvested tissues with a
minimal warm ischemia time in the normally perfused and
oxygenated state and processed them directly in the oper-
ating theater. Aortic tissue stripes were dissected longitudi-
nally with sections of the proximal and distal part being
immersed in RNAlater (Qiagen, Hilden, Germany), or
snap frozen and stored in -80°C or fixed in 4% formalin for
histochemical analysis. In subjects undergoing autopsy, the
entire infrarenal aorta was retrieved and fixed in 4% forma-
lin for histochemical analysis.Sections were formalin-fixed and stained with hema-
toxylin and eosin, Masson-Trichrome and Elastica van Gie-
son protocols. Paraffin blocks were prepared from aortic
wall specimens derived from the AAA neck and the maxi-
mally dilated AAA sac in individuals with AAA, and from
corresponding segments in controls. Serial sections (4-5
m) were prepared and picked up on SuperFrost (Menzel,
Braunschweig, Germany) slides. After drying, sections were
dewaxed in xylene and hydrated through graded alcohol-
steps. For p-JNK staining, antigen retrieval by boiling in a
citrate buffer for 10 minutes was performed. Rabbit anti-
MMP-9 fromNeomarkers (LabVision, Fremont, Calif) was
employed as first antibody for MMP-9 staining. For p-JNK
staining, slides were incubated with rabbit anti-p-JNK an-
tibody (Cell Signaling, Danvers, Mass). Human skin and
human placenta served as positive controls for p-JNK and
for MMP-9, respectively. Negative controls had the pri-
mary antibody stage omitted. Colocalization analyses were
performed usingmonoclonal antibodies for smoothmuscle
cells (anti-human smooth muscle -actin), macrophages
(anti-human CD-68), and endothelial cells (anti-human
CD-31, all from Dako, Glostrup, Denmark).
Histological and biochemical analyses. Histological
sections were evaluated independently by three readers
blinded to clinical data (N.D., T.S., and C.K.) with subse-
quent consensus. Aortic media thickness (as identified by
the presence of -SMA-positive smooth muscle cells) was
determined using the average of three measurements of the
area of minimal medial thickness using Lucia Image Soft-
ware (Version 5.10 SP1, HF1, Laboratory Imaging, Pra-
gue, Czechoslovakia), an Eclipse TE 2000-U microscope
and a digital camera DXM 1200F (Nikon, Egg, Switzer-
land). The number of intact elastic lamellar units (as iden-
tified on van Gieson’s elastic stains sections) in the aortic
media was counted. Aneurysmal degeneration was scored
in three different aortic media segments (luminal, middle,
and outer segment), with 0 indicating no degeneration, 1
patchy, 2 continuous, and 3 indicating complete degener-
ation. Scores for the three segments were added to derive a
total score. Then, we determined the presence of vasa
vasorum on CD-31 stained sections and macrophages on
CD-68 stained sections in the aortic media. Finally, we
assigned scores for neovascularization and macrophage in-
filtration ranging from 0 (none) to 3 (numerous).
For Western Blots, we homogenized tissue samples
in RIPA buffer (Pierce Biotechnology, Rockford, Ill)
containing Protease Inhibitor Cocktail Set V (Calbio-
chem, San Diego, Calif) and Phosphatase Inhibitor
Cocktail (Pierce Biotechnology, Rockford, Ill). Centri-
fuged supernatant was collected and stored at -80°C.
After gel separation and overnight transfer, we hybrid-
ized membranes with rabbit polyclonal anti-human p-
JNK, mouse monoclonal anti-human MMP-9 antibody,
and mouse monoclonal Glycerinaldehyd-3-phosphat-
Dehydrogenase (GAPDH) antibody, followed by incu-
bation with a HRP-labeled secondary antibody.
Band visualization was carried out by Supersignal West
Pico (Pierce Biotechnology, Rockford, Ill); images were
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lyzed by Quanti One software (BioRad). The intensities of
immunoreactive bands were normalized to GAPDH.
Total RNAwas extracted for real-time reverse polymer-
ase chain reaction (PCR) using the Fibrous tissue Mini kit
(Qiagen, Valencia, Calif). RNA integrity was assed by the
Agilent Bioanalyzer (Agilent Technologies, Santa Clara,
Calif). Two micrograms of RNA were reverse transcribed
for 120 minutes at 37°C using the high capacity cDNA
archive kit (Applied Biosystems, Foster City, Calif). PCR
was carried out in the iCycler thermocycler (BioRad) using
TaqMan Gene Expression Assays-on-Demand for MMP-9
and two housekeeping genes (GAPDH and PPIA). All
samples were run in duplicates. A negative control reaction
Fig 1. Schematic depiction of tissue sampling in AAA
patients with infrarenal neck lengths15 mm, the aorta w
macroscopically nonaneurysmal segment distal to the ren
retrieved. B, In 17/22 (77%) AAA patients with infraren
and a tissue stripe spanning from the macroscopically no
the maximally dilated aortic sac was retrieved.omitting the reverse transcriptase was performed for eachDNase-treated RNA sample. Gene expression was quanti-
fied using the CTmethod normalizing against the mean
CT of the set of housekeeping genes.22
For zymography, proteins were resolved by electro-
phoresis in 10% SDS polyacrylamide slab gels (Sigma,
G1890, St. Louis, Mo). After electrophoresis, gels were
incubated overnight at 37°C in the zymography develop-
ing buffer. Following staining with Coomassie blue R-250
and subsequent destaining, we determined gelatinase activ-
ity using Chemidoc (BioRad) based on the mean optical
density of individual lytic bands.
Statistical analysis. We used the nonparametric tests
for trend by Cuzick 23 to compare continuous outcomes
across ordered groups (AAA sac vs neck vs control tissue)
ents undergoing open repair. A, In 5/22 (23%) AAA
amped suprarenally and a tissue stripe spanning from the
teries to the level of the maximally dilated aortic sac was
ck lengths 15 mm, the aorta was clamped infrarenally
rysmal segment distal to the renal arteries to the level ofpati
as cl
al ar
al ne
naneuand Fisher exact test to compare binary characteristics of
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regression models,24 which accounted for the clustering
of characteristics of neck and sac tissues within individuals
by computing Huber-White robust estimates of standard
errors,25 we determined whether differences in characteris-
tics of samples were sensitive to the adjustment for age,
gender, and type of sampling (intraoperative vs postmor-
tem), using age, gender, and type of sampling as indepen-
dent variables in the model. Age was included as a contin-
uous variable. Then, exploratory linear regression was used
to determine whether the extent of alterations was associ-
ated with the diameter of AAA sacs (crude and adjusted for
age with age as independent variable). Finally, we restricted
analyses to tissues obtained through intraoperative sam-
pling and determined whether results were affected. All
averages are medians, all intervals are ranges, P values are
two-sided. Analyses were performed by the Division of
Clinical Epidemiology and Biostatistics, Institute of Social
and Preventive Medicine, University of Bern, Bern, Swit-
zerland in STATA 9.2. (Stata Inc, College Station, Tex).
RESULTS
Patient demographics. Characteristics of included in-
dividuals are presented in Table I. Table II presents char-
acteristics of AAA. The median maximum AAA diameter
was 76 mm (range 48-98). The median length of the
infrarenal AAA neck was 20 mm (range 5-60).
Histology. Fig 2 presents van Gieson’s elastic stains of
aortic tissue from a typical control individual (left) and from
two neck regions from patients with infrarenal AAA and a
moderate degree (middle) and a high degree of destruction
(right). Fig 3 presents corresponding immunohistochemi-
cal stains for smooth muscle cells (SMC) (top row). The
tissue of the control individual (left) shows an almost
uniform and dense population of SMC (Fig 3, A). Analysis
of sections with less severe alterations in the neck area
reveals loss of SMC in the middle zone and focally in the
Table I. Clinical baseline characteristics of patients with
abdominal aortic aneurysms and controls contained in
this study
Patient characteristics
AAA
(n  22)
Controls
(n  10) P
Male gender, n 22 (100) 6 (60%) .006
Median age, y (range) 72 (54-85) 58 (46-80) .013
Cigarette smoking, n 19 (86%) 1 (10%) .0001
Arterial hypertension, n 15 (68%) 2 (20%) .021
Hyperlipidemia, n 11 (50%) 1 (10%) .05
Diabetes mellitus, n 3 (14%) 0 (0%) .53
Peripheral arterial disease, n 7 (32%) 0 (0%) .069
Coronary heart disease, n 13 (59%) 1 (10%) .019
Cerebrovascular disease, n 1 (5%) 0 (0%) 1.00
Statin, n 12 (55%) 1 (10%) .024
Beta-blocker, n 14 (64%) 0 (0%) .001
ACE-inhibitor, n 12 (55%) 0 (0%) .004
Calcium channel blocker, n 3 (14%) 0 (0%) .53
AAA, Abdominal aortic aneurysm; ACE, angiotensin-converting enzyme.outer media of the aortic neck (Fig 3, B). In comparison, aseverely altered neck region depicts patchy loss of SMC in
all regions of the media with complete loss in the outer
media (Fig 3, C). Endothelium stained for CD-31 (middle
row) documents penetration of the outer media by thin
walled vessels, probably originating from the adventitia, in
the two AAA patients (Fig 3, E and F), whereas CD-68
positive macrophages (bottom row) are found in the outer
media of all specimens at equivalent density (Fig 3, H and
I). In comparison, media sections of control aortic tissue
are almost free of endothelial cells or macrophages (Fig 3,
D and G).
Results are graphically summarized in Fig 4, showing
evidence for severe structural damage of vessel wall integ-
rity. Tunica media thickness was higher in controls (median
1150 m, range 1000 to 1300) compared with AAA necks
(510 m, range 250 to 900) and sacs (200 m, range 50 to
500, P for trend .001, Fig 4, A). The corresponding
numbers of elastic lamellar units were 33 (range 30 to
55), 12 (range 0 to 31) and 3 (range 0 to 10, P for trend
.001, Fig 4, B). Tunica media destruction grade was
lower in controls (0, range 0 to 0) than in AAA necks
(5.5, range 2-9) and AAA sacs (8, range 4-9, P for trend
.001, Fig 4, C).
Table III presents differences between AAA necks and
controls estimated from exploratory linear regression mod-
els crude (left column) and adjusted for age, gender, type of
sampling (intraoperative vs postmortem). Results were sim-
ilar after these adjustments. Restricting histological analyses
to tissues obtained through intraoperative sampling, we
found results much the same (data available on request).
Table IV shows that linear regression analysis indicated an
inverse relationship of maximumAAA diameter with tunica
media thickness and number of intact elastic lamellar units,
crude and adjusted for age.
Patterns of expression and activity. Fig 5 (A and B),
presents typical results from Western Blot analyses of p-
JNK and MMP-9 for two control tissues (left), two necks
(middle), and one sac (right). While the expression of
MMP-9 was significantly lower in controls than in AAA
necks and sacs, this association was of borderline statistical
significance with regard to the expression of p-JNK (P for
trend .007 and .061, respectively, Fig 4,D and E). Fig 5,
C shows typical results from zymography for MMP-9 ac-
tivity. Zymography indicated an increased MMP-9 activity
in AAA sacs and necks compared with control tissue (P for
Table II. Characteristics of abdominal aortic aneurysms
of the 22 patients
Median maximum transverse
AAA diameter, mm (range) 76 (48-98)
Median neck length, mm (range) 20 (5-60)
AAA type I 4 (18%)
AAA type IIA 4 (18%)
AAA type IIB 3 (14%)
AAA type IIC 11 (50%)
AAA, Abdominal aortic aneurysm.trend.001, Fig 4, F). Except for the expression of p-JNK,
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ment for age, gender, and type of sampling (Table III).
Restricting the analyses to tissues obtained to tissues ob-
tained through intraoperative sampling, we found results
much the same (data available on request). Real- time PCR
indicated that gene expression of MMP-9 was higher in
AAA sacs compared with necks and controls (P for trend
.002, Table III). Using immunohistochemistry, we found
MMP-9 and p-JNK expression in AAA neck and sac speci-
mens, with prominent staining in smooth muscle cells,
macrophages and endothelial cells (data available on re-
quest).
DISCUSSION
This is the first study to assess histological and molec-
ular characteristics of the infrarenal aortic neck from pa-
tients undergoing open surgical AAA repair. We have
shown that the seemingly non-diseased infrarenal AAA
neck is characterized by substantial degeneration of the
media, extensive neovascularization, and upregulation of
MMP-9 and p-JNK. Our findings suggest that AAA is a
diffuse rather than a localized infrarenal disease process.
Ample evidence documents continuing dilatation of
the infrarenal aortic segment in healthy persons as a conse-
quence of ageing,26-28 in small AAA,29 as well as in patients
undergoing open surgical1-4,30 and endovascular AAA re-
pair.5,7-9,11,31-37 An increased aneurysmal burden as ex-
pressed by large aortic neck diameters and AAA size was
shown to be an independent risk factor for continuing
aortic neck dilatation.9 After open surgical repair with
sutures directly attaching the vascular graft to the aortic
wall, infrarenal aortic neck enlargement is rarely associated
with adverse clinical outcomes.13 Conversely, continuing
neck dilatation poses a threat to patients who had under-
gone endovascular repair as soon as the diameter of the
infrarenal neck exceeds the dimensions of the proximal
graft. It has been shown that even suprarenal fixation and
Fig 2. Van Gieson’s elastic stains from control (left) an
aortic aneurysm (center and right). The center picture fr
scarification of the outer media (asterisk) and substantia
image from a severely affected aortic neck illustrates almo
media. The age-matched control on the left has a norma
near the adventitia.fixation with hooks does not prevent aortic neck dilata-tion.10 These findings suggest that continuing aortic neck
dilatation is a perpetuation of a proximal aneurysmal disease
process.
Thickness of the aortic media at the infrarenal level has
been described to be 640  180 m in control individu-
als.38 The increased media thickness in the present study
may be explained by samples obtained proximally to those
described previously.38 The decrease in the number of
elastic lamellar units along the course of the thoracic to the
infrarenal aorta is well-known.38,39 The number of elastic
lamellar units in the infrarenal aortic segment has previously
been described to range from 28 to 32 in healthy sub-
jects.38,39 This is consistent with our findings. The drop in
the number of intact elastic lamellar units observed in AAA
patients in our study is a consistent histological finding of
infrarenal AAA.40 Concordant with the reduced thickness
of the aortic media, this observation indicates that the
integrity of the aortic wall in the infrarenal aortic neck
portion is already severely damaged.
We found that the maximum AAA diameter was asso-
ciated with reduced media thickness and with increased
media destruction in infrarenal aortic necks. This might
explain reduced rates of endoleaks, endograft migration,
conversion to open repair. and improved survival in patients
undergoing endovascular repair of small aneurysms.41
It has been shown that about 30 elastic lamellae of the
aortic media can be nourished by diffusion from the vessel
lumen.42 The healthy human infrarenal aortic media, un-
like the thoracic aortic segment, is lacking vasa vasorum.
and the human aortic adventitia possess fewer adventitial
vasa vasorum than othermammals.42 Neovascularization of
the arterial media is a known feature of AAAs,43,44 and is
increasingly considered as a possible factor contributing to
AAA rupture.45 Besides their key role in proteolytic extra-
cellular matrix degradation, MMPs seem to be involved in
the process of neovascularization.46,47 We have shown that
medial neovascularization is a prominent feature in infrare-
o neck regions from patients with infrarenal abdominal
patient with low scores of destruction shows beginning
of elastin in the inner media. The example in the right
plete loss of continuous sheets of elastin throughout the
dial structure except for a few interrupted lamellar unitsd tw
om a
l loss
st com
l menal necks of AAA patients. This additionally supports our
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non-diseased stages.
The expression of MMP-9 and p-JNK is higher in the
AAA sac compared with the AAA neck and to controls.
When comparing ruptured with nonruptured AAAs, Wil-
son and colleagues have described a local increase of
MMP-8 and -9 at the site of aortic rupture.48 Our data
support this concept, and also highlight the importance
of these factors in the degeneration of non-aneurysmal
Fig 3. Immunohistochemical stains of control abdomin
neck regions from patients with AAA (n  22, middle
staining) is shown in the top row with an almost uniform
media of a representative control patient (a). Analysis of s
of SMC in the middle zone and focally in the outer medi
region depicts patchy loss of SMC in all regions of the m
stained for CD-31 (middle row, brown staining) docum
probably originating from the adventitia, in the two AA
(brown staining) are found in the outer media of all spe
sections of control aortic tissue are almost free of endoth
the AAA patient in the middle column are the same as
destructed AAA neck on the right is yet another example
samples.infrarenal aortic neck. AAA necks from patients under-going endovascular repair for AAA rupture are larger and
show faster dilatation compared with patients undergo-
ing elective AAA repair.32 We suggest that factors such as
MMP-9 and p-JNK contribute to the continuing aortic
neck dilatation not only after endovascular, but also after
open repair.
Recent evidence from laboratory investigations20
and epidemiological studies49,50 indicate that drug treat-
ment might play a role in patients with AAA in the near
ta (n 10, a, d, and g) and anatomically corresponding
right columns). Smooth muscle antigen (SMA) (brown
dense population of smooth muscle cells (SMC) in the
ns with less severe alterations in the neck area reveals loss
e aortic neck (b). In comparison, a severely altered neck
with complete loss in the outer media (c). Endothelium
penetration of the outer media by thin walled vessels,
tients (e and f), whereas CD-68 positive macrophages
s at equivalent density (h and i). In comparison, media
ells or macrophages (d and g). The control subject and
shown in Fig 1 (left and middle images). The severely
e mostly heavily destructed neck regions in investigatedal aor
and
and
ectio
a of th
edia
ents
A pa
cimen
elial c
those
for thfuture. Stopping or even reversing aneurysmal degener-
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for patients after endovascular AAA repair and for pa-
tients with small AAAs undergoing medical treatment.
Further research needs to investigate the impact of a
pharmacological down-regulation of factors such as
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clude that aortas from controls were potentially subject to
hormonal, endocrine and/or pharmacological stimuli that
could have affected our biochemical findings, it is very
unlikely that this would have impacted the local MMP and
p-JNK biology in the aortic wall.
Second, we are unable to draw direct conclusions about
potential changes induced by the presence of an endograft,
that might alter the natural course of aortic wall biology.51
Third, given that our study is cross-sectional we could not
determine changes in MMP-9 and p-JNK expression over
time. Fourth, as the tissue assessed in this series represents
aneurysmal disease at an advanced stage, we cannot con-
clude that the aortic neck is also involved in early aneurys-
mal disease.
In summary, the seemingly non-diseased infrarenal
Table III. Histological findings (n  32) and results from
(n  13) comparing abdominal aortic aneurysm necks with
Measure
Differen
Tunica media thickness (m) 559 (
Number of intact lamellae (n) 22 (
Tunica media destruction grade
Luminal segment (score 0 to 3) 1.9 (1.
Middle segment (score 0 to 3) 1.8 (1.
Adventitial segment (score 0 to 3) 2.1 (1.
Total (score 0 to 9) 5.8 (4.
p-JNK (Western blot, volume units  103) 0.7 (
MMP-9 (Western blot, volume units  103) 3.2 (
MMP-9 (Zymography, volume units) 29 (4
MMP-9 (PCR, volume units) 2.4 (1.
Results are from exploratory linear regression analysis.
Shown are histological differences and results from Western Blot and zym
specimens from corresponding segments of controls. Crude and adjusted
analysis, and adjusted for all three factors in multivariable analysis (full adju
with control tissue.
Table IV. Influence of maximum aortic aneurysm diamet
Western Blotting (n  22), zymography (n  22), and PC
Measure
Tunica media thickness (m) 54 (
Number of intact lamellae (n) 2.8 (
Tunica media destruction grade
Luminal segment (score 0 to 3) 0.2 (
Middle segment (score 0 to 3) 0.2 (0
Adventitial segment (score 0 to 3) 0.3 (0
Total (score 0 to 9) 0.7 (0
p-JNK (Western blot, volume units  103) 0.4 (
MMP-9 (Western blot, volume units  103) 1.0 (
MMP-9 (Zymography, volume units) 1.3 (
MMP-9 (PCR, volume units) 0.2 (
Results are from exploratory linear regression analysis are displayed as chang
in univariable analysis. Negative values indicate that values decrease with an i
group contained only males and that all AAA necks were obtained intraopeAAA neck in patients with AAA undergoing surgical repairshows histological signs of destruction and upregulation of
potential drug targets. This may have implications for open
and endovascular techniques of surgical repair and medical
treatment. Our results suggest that endovascular AAA re-
pair should be regarded a palliative treatment approach
until dedicated means to prevent progressive AAA neck
dilatation and graft migration have been identified and
tested in a clinical setting.
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1 cm increase in diameter of AAA sacs (n 22), crude and adjusted for age
e in AAA diameter, positive values indicate the opposite. Note that the AAA
y.We
con
ce bet
C
689 t
28 to
3 to 2
2 to 2
5 to 2
2 to 7
1.0 to
0.7 to
to 54
0 to 3
ograp
for ag
stmener on
R (n
106
5.0
0.1
.0 to
.2 to
.1 to
0.9
2.3
11.2
0.6
es per
ncreasmed Ulrich Zollinger (University of Bern, Institute of
JOURNAL OF VASCULAR SURGERY
Volume 48, Number 2 Diehm et al 433Forensic Medicine) for their dedicated support in tissue
sampling.
AUTHOR CONTRIBUTIONS
Conception and design: ND, SDS, IB, CK, TS
Fig 5. Expression of MMP-9 (A) and p-JNK (B) in the abdom-
inal aortic aneurysm (AAA) neck and sac as well as non-aneurysmal
control aorta was analyzed by Western Blot (n  22) and zymog-
raphy (n  22, C), respectively. Representative samples of AAA
neck, AAA sac and controls by Western Blot analysis illustrate
higher expression of MMP-9 (A) and p-JNK (B) in the aortic neck
and sac compared with control tissue. Zymography validated an
increase in totalMMP-9 activity in the AAA neck and sac compared
with control tissue (C). L, Lipocalin-2-MMP-9 complex; P, Pro-
form of MMP-9; C, cleaved form of MMP-9.
Table III. Continued
Difference between AAA necks and c
Adjusted for gender Adjusted
592 (750 to 434; P  .001) 509 (677 t
24 (31 to 15; P  .001) 19 (27 to
1.9 (1.1 to 2.7; P  .001) 1.9 (1.1 to 2
1.8 (1.1 to 2.5); P  .001 1.8 (1.0 to 2
2.1 (1.4 to 2.7; P  .001) 2.1 (1.3 to 2
5.8 (3.8 to 7.7; P  .001) 5.8 (3.7 to 7
0.9 (1.6 to 3.4; P  .46) 0.7 (1.2 to
3.7 (1.6 to 8.9; P  .16) 2.7 (-2.6 to
31 (2 to 60; P  .037) 23 (11 to
2.3 (1.2 to 3.5; P  .001) 2.4 (0.9 to 3Analysis and interpretation: ND, SDS, TS, JS, JV, PJ, IB, CKData collection: ND, SDS, TS, JS, JV
Writing the article: ND, SDS, TS, PJ, IB, CK
Critical revision of the article: TS, JS, JV, PJ, IB, CK
Final approval of the article: ND, SDS, TS, JS, JV, PJ, IB, CK
Statistical analysis: PJ, ND, CK, IB, SDS
Obtained funding: ND, IB
Overall responsibility: ND
REFERENCES
1. Lipski DA, Ernst CB. Natural history of the residual infrarenal aorta
after infrarenal abdominal aortic aneurysm repair. J Vasc Surg 1998;27:
805-11.
2. Illig KA, Green RM, Ouriel K, Riggs P, Bartos S, DeWeese JA. Fate of
the proximal aortic cuff: implications for endovascular aneurysm repair.
J Vasc Surg 1997;26:492-9.
3. Sonesson B, Resch T, Lanne T, Ivancev K. The fate of the infrarenal
aortic neck after open aneurysm surgery. J Vasc Surg 1998;28:889-94.
4. Liapis C, Kakisis J, Kaperonis E, Papavassiliou V, Karousos D, Tzonou
A, et al. Changes of the infrarenal aortic segment after conventional
abdominal aortic aneurysm repair. Eur J Vasc Endovasc Surg 2000;19:
643-7.
5. Sonesson B, Malina M, Ivancev K, Lindh M, Lindblad B, Brunkwall J.
Dilatation of the infrarenal aneurysm neck after endovascular exclusion
of abdominal aortic aneurysm. J Endovasc Surg 1998;5:195-200.
6. Wever JJ, de Nie AJ, Blankensteijn JD, Broeders IA, Mali WP, Eikel-
boom BC. Dilatation of the proximal neck of infrarenal aortic aneu-
rysms after endovascular AAA repair. Eur J Vasc Endovasc Surg 2000;
19:197-201.
7. Prinssen M, Wever JJ, Mali WP, Eikelboom BC, Blankensteijn JD.
Concerns for the durability of the proximal abdominal aortic aneurysm
endograft fixation from a 2-year and 3-year longitudinal computed
tomography angiography study. J Vasc Surg 2001;33:64-9.
8. Badran MF, Gould DA, Raza I, McWilliams RG, Brown O, Harris PL,
et al. Aneurysm neck diameter after endovascular repair of abdominal
aortic aneurysms. J Vasc Interv Radiol 2002;13:887-92.
9. Cao P, Verzini F, Parlani G, Rango PD, Parente B, Giordano G, et al.
Predictive factors and clinical consequences of proximal aortic neck
dilatation in 230 patients undergoing abdominal aorta aneurysm repair
with self-expandable stent-grafts. J Vasc Surg 2003;37:1200-5.
10. Leurs LJ, Stultiens G, Kievit J, Buth J. Adverse events at the aneurysmal
neck identified at follow-up after endovascular abdominal aortic aneu-
ls (95% confidence interval; P value)
mpling Full adjustment
40; P  .001) 505 (867 to 144; P  .008)
; P  .001) 16 (33 to 1; P  .064)
 .001) 1.8 (0.1 to 3.5; P  .041)
 .001) 1.7 (0.1 to 3.4; P  .037)
 .001) 2.0 (0.5 to 3.4; P  .011)
 .001) 5.5 (1.3 to 9.8; P  .013)
P  .47) 1.1 (2.5 to 4.7; 1.2P  .53)
 .30) 3.9 (1.3 to 9.0; P  .13)
 .18) 23 (38 to 84; P  .44)
 .004) 2.4 (1.1 to 3.8; P  .002)ontro
for sa
o 3
10
.7; P
.6; P
.8; P
.8; P
2.5;
7.8; P
59; P
.9; Prysm repair: how do they correlate? Vascular 2005;13:261-7.
JOURNAL OF VASCULAR SURGERY
August 2008434 Diehm et al11. Diehm N, Hobo R, Baumgartner I, Do DD, Keo HH, Kalka C, et al.
Influence of pulmonary status and diabetes mellitus on aortic neck
dilatation following endovascular repair of abdominal aortic aneurysms:
a Eurostar report. J Endovasc Ther 2007;14:122-9.
12. Diehm N, Kickuth R, Gahl B, Do DD, Schmidli J, Rattunde H, et al.
Intraobserver and interobserver variability of 64-row computed tomog-
raphy abdominal aortic aneurysm neck measurements. J Vasc Surg
2007;45:263-8.
13. DiehmN,Dick F, Katzen B, Schmidli J, Kalka C, Baumgartner I. Aortic
neck dilatation after endovascular abdominal aortic aneurysm repair - a
review. J Vasc Surg 2008 (in press).
14. Freestone T, Turner RJ, Coady A,HigmanDJ, Greenhalgh RM, Powell
JT. Inflammation and matrix metalloproteinases in the enlarging ab-
dominal aortic aneurysm. Arterioscler Thromb Vasc Biol 1995;15:
1145-51.
15. DaviesMJ. Aortic aneurysm formation: lessons from human studies and
experimental models. Circulation 1998;98:193-5.
16. Thompson RW, Parks WC. Role of matrix metalloproteinases in ab-
dominal aortic aneurysms. Ann N Y Acad Sci 1996;800:157-74.
17. Sakalihasan N, Delvenne P, Nusgens BV, Limet R, Lapiere CM. Acti-
vated forms of MMP2 and MMP9 in abdominal aortic aneurysms. J
Vasc Surg 1996;24:127-33.
18. McMillan WD, Tamarina NA, Cipollone M, Johnson DA, Parker MA,
Pearce WH. Size matters: the relationship between MMP-9 expression
and aortic diameter. Circulation 1997;96:2228-32.
19. DiehmN, Schmidli J, Dai-Do D, Baumgartner I. Current evidence and
prospects for medical treatment of abdominal aortic aneurysms. Vasa
2005;34:217-23.
20. Yoshimura K, Aoki H, Ikeda Y, Fujii K, Akiyama N, Furutani A, et al.
Regression of abdominal aortic aneurysm by inhibition of c-Jun N-
terminal kinase. Nat Med 2005;11:1330-8.
21. Schumacher H, Eckstein HH, Kallinowski F, Allenberg JR. Morphom-
etry and classification in abdominal aortic aneurysms: patient selection
for endovascular and open surgery. J Endovasc Surg 1997;4:39-44.
22. Livak KJ, Schmittgen TD. Analysis of relative gene expression data
using real-time quantitative PCR and the 2(-Delta Delta C(T))
Method. Methods 2001;25:402-8.
23. Cuzick J. A Wilcoxon-type test for trend. Stat Med 1985;5:199.
24. Placket RL. The discovery of the method of least squares. Biometrika
1972;59:239-51.
25. Huber PJ. The behavior of maximum likelihood estimates under non-
standard conditions. In: LeCamLM,Neyman J, editors. Proceedings of
the Fifth Berkeley Symposium onMathematical Statistics and Probabil-
ity. University of California Press. 1967. pp. 221-33.
26. Sonesson B, Lanne T, Hansen F, Sandgren T. Infrarenal aortic diameter
in the healthy person. Eur J Vasc Surg 1994;8:89-95.
27. Lederle FA, Johnson GR, Wilson SE, Gordon IL, Chute EP, Littooy
FN, et al. Relationship of age, gender, race, and body size to infrarenal
aortic diameter. The Aneurysm Detection and Management (ADAM)
Veterans Affairs Cooperative Study Investigators. J Vasc Surg 1997;26:
595-601.
28. Pearce WH, Slaughter MS, LeMaire S, Salyapongse AN, Feinglass J,
McCarthy WJ, et al. Aortic diameter as a function of age, gender, and
body surface area. Surgery 1993;114:691-7.
29. Yau FS, Rosero EB, Clagett GP, Valentine RJ, Modrall GJ, Arko FR,
et al. Surveillance of small aortic aneurysms does not alter anatomic
suitability for endovascular repair. J Vasc Surg 2007;45:96-100.
30. Falkensammer J, OldenburgWA, BieblM,Hugl B, Hakaim AG, Crook
JE, et al. Abdominal aortic aneurysm neck remodeling after open
aneurysm repair. J Vasc Surg 2007;45:900-5.
31. Wever JJ, Blankensteijn JD, van Rijn JC, Broeders IA, Eikelboom BC,
Mali WP. Inter- and intraobserver variability of CT measurements
obtained after endovascular repair of abdominal aortic aneurysms. AJR
Am J Roentgenol 2000;175:1279-82.32. Badger SA, O’Donnell ME, Makar RR, Loan W, Lee B, Soong CV.
Aortic necks of ruptured abdominal aneurysms dilate more than asymp-
tomatic aneurysms after endovascular repair. J Vasc Surg 2006;
44:244-9.
33. Makaroun MS, Deaton DH. Is proximal aortic neck dilatation after
endovascular aneurysm exclusion a cause for concern? J Vasc Surg
2001;33:39-45.
34. Sampaio SM, Panneton JM, Mozes G, Andrews JC, Noel AA, Kalra M,
et al. AneuRx device migration: incidence, risk factors, and conse-
quences. Ann Vasc Surg 2005;19:178-85.
35. Dillavou ED, Muluk S, Makaroun MS. Is neck dilatation after endovas-
cular aneurysm repair graft dependent? Results of 4 US Phase II trials.
Vasc Endovascular Surg 2005;39:47-54.
36. Napoli V, Sardella SG, Bargellini I, Petruzzi P, Cioni R, Vignali C, et al.
Evaluation of the proximal aortic neck enlargement following endovas-
cular repair of abdominal aortic aneurysm: 3-years experience. Eur
Radiol 2003;13:1962-71.
37. Matsumura JS, Chaikof EL. Continued expansion of aortic necks after
endovascular repair of abdominal aortic aneurysms. EVT Investigators.
EndoVascular Technologies, Inc. J Vasc Surg 1998;28:422-30.
38. Halloran BG, Davis VA, McManus BM, Lynch TG, Baxter BT. Local-
ization of aortic disease is associated with intrinsic differences in aortic
structure. J Surg Res 1995;59:17-22.
39. Wolinsky H, Glagov S. Comparison of abdominal and thoracic aortic
medial structure in mammals. Deviation of man from the usual pattern.
Circ Res 1969;25:677-86.
40. Lopez-Candales A, Holmes DR, Liao S, Scott MJ, Wickline SA,
Thompson RW. Decreased vascular smooth muscle cell density in
medial degeneration of human abdominal aortic aneurysms. Am J
Pathol 1997;150:993-1007.
41. Ouriel K, Srivastava SD, Sarac TP, O’Hara PJ, Lyden SP, Greenberg
RK, et al. Disparate outcome after endovascular treatment of small
versus large abdominal aortic aneurysm. J Vasc Surg 2003;37:1206-12.
42. Wolinsky H, Glagov S. Nature of species differences in the medial
distribution of the aortic vasa vasorum in mammals. Circ Res 1967;20:
409-21.
43. Herron GS, Unemori E, Wong M, Rapp JH, Hibbs MH, Stoney RJ.
Connective tissue proteinases and inhibitors in abdominal aortic aneu-
rysms. Involvement of the vasa vasorum in the pathogenesis of aortic
aneurysms. Arterioscler Thromb 1991;11:1667-77.
44. Paik DC, Fu C, Bhattacharya J, Tilson MD. Ongoing angiogenesis in
blood vessels of the abdominal aortic aneurysm. Exp Mol Med 2004;
36:524-33.
45. Choke E, Thompson MM, Dawson J, Wilson WR, Sayed S, Loftus IM,
et al. Abdominal aortic aneurysm rupture is associated with increased
medial neovascularization and overexpression of proangiogenic cyto-
kines. Arterioscler Thromb Vasc Biol 2006;26:2077-82.
46. Cockerill GW, Gamble JR, Vadas MA. Angiogenesis: models and
modulators. Int Rev Cytol 1995;159:113-60.
47. Rundhaug JE. Matrix metalloproteinases and angiogenesis. J Cell Mol
Med 2005;9:267-85.
48. WilsonWR, AndertonM, Schwalbe EC, Jones JL, Furness PN, Bell PR,
et al. Matrix metalloproteinase-8 and -9 are increased at the site of
abdominal aortic aneurysm rupture. Circulation 2006;113:438-45.
49. Hackam DG, Thiruchelvam D, Redelmeier DA. Angiotensin-converting
enzyme inhibitors and aortic rupture: a population-based case-control
study. Lancet 2006;368:659-65.
50. Diehm N, Baumgartner I. ACE inhibitors and abdominal aortic aneu-
rysm. Lancet 2006;368:622-3.
51. Parodi JC, Ferreira LM. Ten-year experience with endovascular therapy
in aortic aneurysms. J Am Coll Surg 2002;194:58-66.Submitted Oct 31, 2007; accepted Mar 2, 2008.
